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Abstract - Contents of phenolics, flavonoids, and catechins, and antioxidant activity were investigated in the ethanol
extracts of three different flower species, Magnolia denudata, Prunus mume, Carthamus tinctorius. Total phenolics were
more present in M. denudata than P. mume or C. tinctorius, ranging from 72.6 to 118.0 mg/kg (p < 0.05). Total flavonoids
level had same tendency to total phenolics content, showing highest amount (25.1 mg/kg) in M. denudata. The antioxidant
activity of the methanol extracts from all the flowers dose-dependently increased. DPPH free radical scavenging activity at
250 mg/kgwas higher in M. denudata and P. mume by 93.0 and 92.6%, respectively, than C. tinctorius by 23.0% (p < 0.05).
Total catechins content including 6 compounds was higher in M. denudate (9,425.5 mg/kg) than that in P. mume or C.
tinctorius (3,407.8 or 190.6 mg/kg). However, P. mume extracts showed highest amount in caffeine as well as vitamine C.
DPPH radical scavenging activity in three different flowers was highly correlated with contents of total phenolics
(r2:0.7994), total flavonoids (r2:0.9131), and total catechins (r2:0.5929), and their content and activities were different
depending on species.

Key words - Magnolia denudata, Prunus mume, Carthamus tinctorius, Ethanol flower extracts, Total phenolics content,
Total catechins level, Antioxidant activity
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I, B RGO R SUAE, WAET S, B
FAE, QUASHAE, AE, AHAE 9 HRr EEa)

T AAZR0] B a1E v Itk (Kwon et al,, 1999; Kim et
al., 2001; Namba et al,, 1982; Noshita et al,, 2009), 52
A9l AR O Z lignanT} sesquiterpenes, hydroperoxide,
alkaloid”7} Q)+t lignan AJ &0 & spinescini} epieudesmin,
sesquiterpenes A3+-© & 9—oxonerolidol, hydrperoxide AJ5-
© & kobusimin A9} B, alkaloid A5 2 salcifoline 52| 3}
3= (Brieskorn and Huber 1976; Iida et a/., 1982)¢] B i1E]|11
Qo E3] lignan AR} €4 (Kim, 1997; Kim, 1999)3}
2 (Kim, 1999)2 7HA 1L, epieudesmin 35-0F B g4t
3} 8Hdo] Qlrkal algith(Pettit ef al, 2004; Cavin et al,
1998).

WS Prunus mume)= #0)|1tol| 4381 Y AL A S
o2 uf3lo] of g il 183 = o|n] o AKE
ol PSRN B ARFEZE BT} AHS wolgle,
B8 o] el el slo] 22 ST QohE BHO
2 9 v} SR} oL o) 9755 (Otoguro
et al, 1995), eIl SRR ol 4 s8] ol vl <let
o2 T H 28 1) 90) G} e, B o] 1~ 7]
o] o] o] 3 A4S WAL, FA, B4 5 EE] we ofel
7FA]o|tt, Kim et al, (2006a)-2- i3} 55 Hi7sl, A=, 4=
SAste] A AN, 1R, e B4k AR
Abgl op At Bk EAJsko] Blweh HE QT E3HKim ef al.
(2006b)2- M3} F5-0] ] IS EAT A 5 17
T2 ASBIAL 1 5 APl F 150 AEH NS 2L
sttt So] miele A9A, si=Al, AgAl, AEA, =5
¥} w)Rglof] 50] Q= Ao w defA QltKina et al, 2004),
Matsuda et al. (2003)2} Yoshikawa et a/. (2002)-2 U= w3}
ZHE gjE 3R1E9Q] 9'-0-acetyl—3 —O-methylrutin, quercetin
3-0-(2",6"-a——dirhamnopyranosyl)—[3—p—galactopyrano—

side, quercetin 3—O-rhamnosyl (1-)6) galactoside, quercetin
3—O-neohesperidoside, isorhamnetin 3—O-rhamnoside,
chlorogenic acid®} rutin®| g-3-&jo] = Ao & H 135}k u} ¢l
o}, alAlt, v gheke] ol iAo Ei juh} e
A0 72 o A=Al 519 tHZheng and Clifford, 2008).

93K Carthamus tinctorius L)<= SlZol|glix 229y
Ssfafo] Lah= ool ER, T~ 8Yo] A3A2] Zo] 1]
™, 9 ~ 1040] A3 Lee, 1989), T80 L} K= B oF
GO 2ol=d|, £ HAMA2A 2 A 5E AREE|

O, safflower yellow, carthamin (CoHzOn) 52 MAE2

1} o2 7HA] 294k glyceride”} F/dE 0.2 FhrE o] itk
(Kim et al., 1996). €3], carthamin °FAJo] w351l Il &

thagt) sho] of @, F ko gholl A de] AR o] gitt
(Kim and Kim, 1992). Z3ofli= t}7} =224 Tinoleic
acid7} 5% S o] qlof, B85 FHAHE FE A5k
A WA}, A EF, 1Y o ] Ak 2| =l Bt
AIE Holw, v, WY 59 HER AREE7|= 5191
CHNamba, 1986), 71 £]9] A2 T51EE 2] M A carthamin
o a2l #e] 9 fsh2 #A(Kim er al,, 1996), 33k
o] o]3}std EA(Kim et al, 2000), F3H oA E2|€
N—feruloylserotonin®] 3}AFs} A (Baeg et al, 1999) 50| K.
AL QA,

2ol e EPHlER= catechin IFER Uizl
flavonol 77} T 2o|n =219 93} catechin 3=
S (+)—catechin, (—)—gallocatechin, (—)—epigallocatechin,
(—)—epigallocatechin gallate, (—)—epicatechin, (—)—gallocatechin,
gallate @ (—)—epicatechin gallate 5-©]THGraham, 1992), &=
Aol 501 Qs= catechin =2 BF FLHES A5t A
7|1(Asai et al, 1987; Cho et al., 1993), s} 2Hg
(Matsuzaki and Hara, 1985; Ryu and Park, 1990; Yeo et al,,
1995), 32-&(Hara et al., 1989; Hunter et al,, 1992), 3=
Z-8(Choi et al., 1994), S2-8(Fukai ef al,, 1991), ZX] 4|
HH(Cao, 1995) W u|Wl § T(Kim ef a/,,1997)7} 1% 11 Q)Th,

2 T ot 71548 2R el oSl 24 )
=, i3l 9 33}0) ofjeky FEER R EdHs AR, 7t
B2t et 24 AESH] A8 29 7]54S B8et

choreh AEALS 915t 71248 Anx skt

2012130 AYAkel = ufst 9l 335 5 AAZR(-60T
5AHAIK] & AlmE rRafste] 1 mAof FAX] 3 71 AR
2200 g& 95% ethanol 2 Lof| 24A)7F 501 25 Coj| A} &5}
ojakel &, 7 FEME 50ClA 79t s5ote] duwaat &
5 A8= 91l ethanol &5 YUK Krygier et al,, 1982),

3 s EY § SRt 0lE AT
% & 3HE R Folin—Denis B (Singleton and
Rossi, 1965)°f whe} A sFAt), ofghs 554 1 mg/ml 5
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=2 ZA8E 5 o] ARN 1 mLo $R/S 3 mLE H7sk,
Folin & Ciocalteau's phenol reagent 1 mLE 73t & 27C
shaking bathof|A] g5t} 585 5 NaCO; 223+ 1 mL&
wof Egtoto] Aol Al 1AIZE HA|RE - 640 nmojlA] 33
A(UV-1650PC, SHIMADZU, Kyoto, Japan) = SH =5 =4
sioict, sl ke W e
2¥Zy AL 25 B A eks)

] catechin, chlorogenic

acid, tannic acidE 0|23}
ek,

& ZehE 0| = g 272 Lister e al, (1994) Mol wh
2} A& 225 1.0 mLE Ao #3}aL 10 mLo] diethylene
glycol & 745101 2 EFak3ck, ThA) 01710 1N NaOH 0,1 il
£ & EFA1A 37C2] water batholl 4] 1417F 59 WhE-A171 &
420 nmof| A TS S5, ti2e Alr 89 di4l 50%
methanol 2 FU3|A| A2Je} o, EFTAL naringin
(Sigma Co,, St. Louis, MO, USA)2 o|-8-5}o] ZHAJ8}al o] 2 5L
Bl & EohE ot e Tkt

DPPH | &A% o}ditd &A%

HPLCe|| ¢J&l DPPH (1,1—diphenyl—2—picrylhydrazyl radical)
scavenging activity 7373 ®'H(Blois, 1958) 0.2 A] EAltjAlo]
DPPH 8919 5331 (500 — 550 nm)Q} Z-& F o] A& AL
HPLCE o|-8-38}o] AeFa Bz Ao| 7=5}c} 900 uL. DPPH
B-H(100 uM) T} A =-8-H 100 uLE S35 oA 107
F< HEEAIFTE. 900 UL DPPH -4 (100 uM) 7 A & 5259
B3fiek 8o(100 ULy Este] A7) o= S7gsto] Alm
7} 7= A] 982 DPPHE-Y 9] 85 peak®] H2] 0.2 13T},
Column: Shim pack (4,6 X 250 mm), mobile phase: MeOH-H;O
(70 : 30, v/v), wavelength: 517 nm, flow rate: 0,8 mL/min,
attenuation: 32, injection volume: 20 uL] HPLC 2402 Al
Al8133.©. 5 HPLCo|| &J3F DPPH radical—scavenging Z4]-2- T}
g o] a9,

An = (A — Ao)/Ao x 100
An . DPPH radical—scavenging 84 (%)
s NE7) A7 wg-8ol 20] DPPH radical @] 823 FHZ]|
A=7} 7FEA] 942 DPPH radical-§-219] 82|51

o}AAA A7 FIH= Gray and Dugan (1975)2] W ol 23}
o] T}-g3} 7o) 24519t 1 mM NaNO, 20 pLoj| A|29] 3%
o} 40 uL2} 0,1 N HCI (pH 1,2)-2 140 uL AR&-31e] H3]E 200
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59 s 7R el e A niXe FF
ULE SFQict, o] BhgS 37C 220l A] 1A]7F HEGA]

71 2 2% acetic acid 1000 UL, Griess A|2F (30% acetic acid=
ZA3} 1% sulfanilic acid2} 1% naphthylamine2- 1:1 H|- &2 &
e A, ALl 2A) 80ULE F1jol 2 BRHAIA 9 A
ok A0l A 1557t §RG-A1X] 3 520 nmof| A FE=E 57
Shsin ofahe} o] oFN 27S FaIEE,

N(%) = 1-(A-C)/BX100

N : Nitrite scavenging &4J(%)

A N7} 71 HES-goH 2201 1 mM NaNO,2) -85 1|2
B : A&7} A718HA] & 1 NaNO.9| 85 13 A

C: Hjzte] &= vaHA

Catechin¥ &F
Matsuzaki and Hara (1985) 2] B¢ w2} Counter—current
chromatography= 333}%] crude cateching ¥-2 & HPLCZ
HAIBHGITE, 2010 0f] 485t 22} A2 5 60 CollA] 24417F 21
Z, BN 2 A= 1 g0 80C 254100 mLE @11 80C
oAl 3027+ SRkl M=k, A= NS Zaa
71ol F8ll 5FE] CHCly= Wil 33 W0 = A 4sto] 7|
= AlAs ‘213} 7H}lo] AAH EZoll 57 ethyl acetate
2 33 JHE %31 T 710Fe27](N-1000V-W, Eyela, Japan)
2 l"‘#d At 015 479 CH,CN-H0 (111, v/v) &M o & =
0]11 0,45 um membrane filter2 o{1}slo] EA51TH A
= ATFEAS- 913} Sigma Chemical (St, Louis,
MO, USA) 2] 19I5}ttt HPLC A]2~El-& JASCO (JASCO
Co,, Japan) HPLC pump (PU 2089), column oven (CO-965),
autoinjector (AS950—10) 2! UV/VIS detector (UV-975) % -
AE|glon AL Sentri™ p-Bandapak Cis guard column
(1254, 3,920 mn, Waters, USA)S AR&-3}ith o] EAke] &
1= A (HyO : CHsCN : 85% HsPO, = 94,95 : 5 : 0,05, v/v/v)2}+
B (HyO : CHsCN : 85% HsPOy = 49,95 : 50 : 0,05, v/v/v)& A&
slgem, column &%= 40 CofA] 0154 0] G421 0 mL/min
S & 280 nmof| A HE3FATE.

OF catechinF=

7192l 9 vitamin C 3=F

Thsflole] AL 712 B4 (Ikegawa ef al, 1990)°] uket
A& o]HPVPP (polyvinylpolypyrrolidone)S 78l 2155}
o] 3057 A= g & o}t o B8 0,45 um membrane filter
2 FHAIA flofl AGT catechinft HPLCEZA R 55}
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A AT

3HH, vitamin C o5& 72 3 Al 9] Y-S
metaphosphoric acidE A7}sfal A-2of 4] 4
PAHER71E 018319 20,000 rpmof|A] 104 52t ale]sto]
AF=oRL: 2151 & (0 45 m membrane filter 2 o1}t TR AJE N
© 2 A}g3HTh B4 AL STerra " RP18 (4,6 cm x 250 1,
5m, Waters)S, =7+~ UV detector (SPD—10Avp, SHIMADZU)
= A% HPLOE 0]8-30] 265 nmofl A EAJSHALE AR 3
12F2 90 uL, O]5ARS 100% MeOH: 0, 1M KH,PO,Z 1 : 9
THefo] AL $42 10 ml/min®2 S5ich

=)
ol
o
2
a1
RN

s
P
d

AN

I

¢

EARA
2AREe) e 33 N ANjakgon] T ATHE sAS
(SAS Institute, 20002 o]&-3to] A2j7te] HHFA| 2jo]=

HF QlojA] ol QlojA] thar Zpo)7} Gl A 0= YT, ©f
L et al, (2007)0] M3 7 7] o2 59§ M kobus?t M,
salicifolia 272 814 274 v 18t ¥k, kobusol| 4] 652
bis—tetrahydrofuran—type 2] 18k} 3%9] tetrahydrofuran—
type®] IS, M salicifoliad®|A+=122] bis—tetrahydrofuran—
type 2] 12k} 829] phenylpropanocid—type IAYE2-S £ -

57 HE ofebE] 2o JlolA 2 At lEe & = A3k

DPPH 2] A% ob2Ad £A%
DPPH 2e} 2l 4752 250 ne/keo) 328 52204 Bt}
oSk} 2tk 93,00t 92,6% 7 Liebgtan, Fote 23,002
7 e TS BTkRg, D),
[sghe: W27} oha7t 61,29 62,1 mg/ke S AT
PSR ON, FBhE 66,5 ng/ku LER 7 vhe g

LSD (least significant difference) 44 23] H| 1 - EA819
. 7 ZAIEI] ARHPAS ol A o) 3, &
ZolH ol e 2 ZelE w-o|T 3eF 2 717 &, 7}
991 =¥, DPPH 2t} 275 9

A
=
G5 P 719 A E 551

SPS UrebiT), WE L 950 mg/kg] &5 oA 33}
off ujaf 4uf o/ & FAlS 2HdS W YTHTable 2). Nho et
al, (2009)-> DPPHY o] OJgt Hei3E ofehe: S22 9| 3hilst &

°\°_~ T T T T T
_ 2 100 i
23 H nF 2
> 80F 4
% vl SET F SehRo|E I )
v S 60 .
¥FE2L catechin, chlorogenic acid, tannic acid= &2] %
sto] St 5 His S W10 72,6 ~ 118, 0 mg/kg o= ® a0l i
- . ©
713 =9k wak(53,2 ~ 83,8 me/ke)2F F3K29,3 ~ 42,5 mg/ke) g Maglolia denudata
2o} g §94 02 =4 e tHTable 1). S 20 —O— Prunus mume -
- N I —W— Carthamus tinctorius
#2E naringing AMGSlo] AT F FefHeol=dE &L . . . .
a

o,
=

o w3} wMEe T35} 4o 7k7Fo7.9. 951, 18,5 mg/keo| %] 0 500 1000 1500 2000
o, SAARI o2 Sl Ao UERthTable 1), o]°]
A Nho et al. (2009) H7 20| Gl Z2d F s o=

F SetH ot ke 72} 216,149} 86,93 mg/g .2 K 1IgH

Extract concentration, mg kg'1

Fig. 1. DPPH radical scavenging activity of ethanol extracts
from 3 different flower extracts.

Table 1. Total phenolics content and total flavonoids level of ethanol extracts from 3 different flowers

Total phenolics content (mg/kg)

Flower extract Total flavonoids level (mg/kg)

Catechin Chlorogenic acid Tannic acid
Magnolia denudata 75.1 £ 1.1 a° 1180 £ 1.7 a 726 £ 1.1 a 251+ 1.1 a
Prunus mume 542 +1.7b 838 £29b 532+17b 279 £ 1.7 a
Carthamus tinctorius 293 +02c 425+05c 293 £02 ¢ 185+ 1.1a

“Means with the same letter within a column are not significantly different (p < 0.05).
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Table 2. DPPH radical scavenging activity (ICso) and nitrite scavenging activity in the ethanol extracts from 3 different flowers

Flower extract

DPPH ICs value® (mg/kg)

Nitrite scavenging activity (%)

Magnolia denudata 612 £ 181V 828 £ 03 a
Prunus mume 62.1 45D 815+ 02 a
Carthamus tinctorius 666.5 + 146 a 765 £ 04 b

“Extract concentrations, which show 50% activity of DPPH radical scavenging, were determined by interpolation.
*Means with the same letter within a column are not significantly different (p < 0.05).

Table 3. Catechin contents of flower extracts (mg/kg) in the ethanol extracts from 3 different flowers

Flower extract GC* EGC C EGCG GCG ECG CG Total
Magnolia denudata - 198.8 1,138.7 695.1 324 8,318.0 380.0 10,763.0
Prunus mume - 353.9 670.1 - 129.4 1,422.4 1,856.0 4431.8

Carthamus tinctorius - - -

- - 46.7 143.9 190.6

“(-)-gallocatechin (GC), (-)-epigallocatechin (EGC), (+)-catechin (C), (-)-epicatechin (EC), (-)-epigallocatechin gallate (EGCG),
(-)-gallocatechin gallate (GCG), (-)-epicatechin gallate (ECG), and catechin gallate (CG).

Aof] ThEH 1057 0,232 mg/g O & LR -G BElE 3 of
HoplEjo|E #8l=0] 7MY w2 EAS Hel ﬁgi 18}
}J\E}'

Sh, ok 225 1,000 ng/ks FEE 7|20 8 A3} of
IAH] 7] 458 Wi =2 37} 82, 83} 81, 5% S| Vel
, 38k 76.5%% 7P W& B/dS LERHTHTable 2). Kim
et al, (200007} Kim et al, (2008)2 $3}2HE Az ¥ &
7, 9, Y Y TR FEER ZevlE S At
g B3 AL - Bl AlEA] Beof 8o whet o
Ft Bdo] thEA eSS gelskgich

2

N

M

Catechinf+ 3HF

Zcatechin RS HlEH0] 10,763,0 mg/kgo & & 8% =
60| SHLElo] 913 7 S ek, ohste} Fah 2t
7} 5%} 2F0] R 0] 4,431.87} 190, 6 neg/ke o 2 WA LfE
S THTable 3), ZFH 2 WlEHoj| A= ECG ((—)—epicatechin
gallate) 7} 7} =2 8,318.0 mg/kg O 2 71 &=9)31 th29o| C
((+)—catechin) 2 1,138.7 mg/kg® 2 JElL T mj3lo] A= CG
(catechin gallate) 7} 7} =2-1,856,0 mg/kg O & YEMAL 1
T}3o] 1,422.4 mg/kgO 2 FHE 0|91l F3h= wiEH A=
CG (catechin gallate) 2} ECG ((-)
Z¥7 143,99} 46,7 mg/kgo] & o] JIATHTable 3).

—epicatechin gallate) 20|

Caffeine Y vitamin C 3}2F
819 caffeine 322 w317} 7,992,6 mg/kg O 2 714 =7 L}

Table 4. Caffeine and ascorbic acid contents in the ethanol
extracts from 3 different flowers (mg/kg)

Flower extract Caffeine Ascorbic acid
Magnolia denudata 17.8 557.1

Prunus mume 7,992.6 4,833.6
Carthamus tinctorius 21.9 4,596.8

ER, WiE 1} S5k 7k 17 87} 21,9 mg/kg O = wHA| L}
WtHTable 4). Vitamin C $Fef-2 uj 3t} Z-3171 217 4,833.6
3} 4,596,8 mg/kg @ & =7 LpER L, WEH-2 5571 mg/kgO.
2 7P WA EpgtHTable 4), Kim et al, (2006)- 3+] &
Z3} AZHHE R Vitamin C 3RS 274 - H|w3dl 41} 2%
%% Rystol| K643 me%, FAAZEE Z10|A] 480,5 me% 2 7k}
TV =8 FHES S-S Bkt

R TAT FAS G FTBBA

el AR A TIAE FaFE Sohny] Sl
BA} 255 7H AR g HEzke] Al QloiA
% sl et 5 AR QR AR = 094012 7}
A e RS R, 1 heo] oA s ake 1
0,9275, DPPH 2}t]4 71~J—]‘,_ r'=0,7994911, vepdl C g+
SIHe 1= 0,6556.0.2 Lhe} Eejaliso] % 7He1R0] A
T} Ao 901- 0 7 =0 54O Wl A o= LhebgTh

3, % Hehiieo|= Sleke DPPH eh)z 47} A1k
A571r’= 0. 91312 713 ‘C‘/\o"d'ﬂ]‘r’é‘ Helar, oAb A
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Table 5. Correlation coefficients among physiologically-active components and their activities of ethanol extracts from 3 different

flower extracts

TP TF TC Caffeine Vit. C DPPH NSA

TP 1.0000 0.5217" 0.94917" 0.0029 0.6556" 0.7994"" 0.9275™"

TF 1.0000 0.2999" 0.5320" 0.0321 09131 0.7777""

TC 1.0000 0.0299 0.8487"" 0.5929™ 0.7700™"
Caffeine 1.0000 0.2942° 0.2453" 0.1028°
Vit. C 1.0000 02127 0.3866"

DPPH 1.0000 0.9637""
NSA 1.0000

“Total phenolics content (TP), total flavonoids level (TF), total catechins content (TC), caffeine, ascorbic acid (Vit. C),

DPPH radical scavenging activity (DPPH) and nitrite scavenging activity (NSA) in the different flower extracts. P-values
of <0.05(*), <0.01(**) and < 0.001(***) were considered significant, respectively.

A= r’= 7777%*1 T A e 9, 7R
e Aol QlotA= vkl Col= 1= 0,84872 7}
A} =0kl 0 XEMJ AT = 0, 77002 =2 AUAE
Borh o] AnE T £ B EEL S HE T
& & EehE o)t g 12l F AT ekl H4kEkd
o] THo| IS Hof & A O R YERITtHTable 5).

Zhou and Yu (2006)2] Hi1o|| w2 AT} A4 2550
% 15 3leko DPPH b)) 275} =0 AkkakA 7} 9l.o

ol e 15——01 g Afmw%ow FR3t e ok

(

e Xﬁ
Of
i

E

TR3 A A 5= oG-Il Q= W, uis)

g A AR Aol & AEStLAL Eel e ok,
ot 3, 7HEIXIR T 9 A& A8k

9] ofjeke 2EEZHE £ ¥ TS Folin—Denis o=
243t A1} FFEZS catechin, chlorogenic acid, tannic
acid= 27t gejsto] 43t A} ¥l Eo] 72,6 ~ 118.0 mg/kg
WA= 78 A UEaL L ohgo] misket 33} o 2 e
Wtk ¢hE, & SR o]t e WER o] 25 1 mg/kgo 2
) Upsatort o2 ko] f)el ol g Ao U}
ERt], ARMIS doliy] 9jsl DPPH gt d &A%< &
Aot 20k 250 ng/kse] 332 5iEo] 4 WE A vfate 242
0] 93,0} 92,6%% =7 UESLoH, 33k= 23.0%% W= &
/d& B3Itk Fcatechin Fgo] QlojA] Wm0l F 852 714

2 0
)
N

iz oF);
>,
A

l‘i

5 659 slelEo] epEo] 91%1119,425 5 mg/kg O & 7}
XJ A UERAL, wietel Sohs 242t 553t 289 Shekaol o
SElo] 217} 3,407.87} 190,6 me/ks 02 WHA| Ui}, 3k 7}
Q1 S wiefol|A] wlERR] CoREE mielet SRt 7 S
S BT W= 2o ok 2o ve) Sejoisat Sep
T glgfo] =11 3PASIA o] o} Sisl 715 A i’l—;(]-i/\—]
olgAo] e AR VIt e EA s, T &

9 % 7RIS B 0] AT e AT

B ol 90139 & 3
ool 4Ei00], olo] A2 EguIch

References

Asai, H., K. Ogawa, Y. Hara and K. Nakamura. 1987. Effect of
alumina-tea catechin complex on the blood sugar in
spontaneous diabetic mice. Clin. Report 21:163-166.

Baeg, N.I., M.H. Bang, J.C. Song, S.Y. Lee and N.K. Park.
1999. N-feruloylserotonin, antioxidative component from
the seed of Carthamus tinctorius L. J. Korean Soc. Agric.
Chem. Biotechnol. 42:366-368 (in Korean).

Blois, M.S. 1958. Antioxidant determinations by use of a stable
free radical. Nature 26:1199-1200.

Brieskorn, C.H. and H. Huber. 1976. Vier neue lignane aus

-116 -



F8

aptosimum spinescens (Thunbg). Tetrahedron Lett. 17:2221-
2224.

Cao, J. 1995. External test and clinical observation and evaluation
of the caries preventive effect of tea. The 3rd International
Symposium on Green Tea, Seoul, Korea.

Cavin, A., O. Potterat, J.L. Wolfender, K. Hostettmann and W.
Dyatmyko. 1998. Use of on-flow LC/1H NMR for the study
of an antioxidant fraction from Orophea enneandra and
isolation of a polyacetylene, lignans, and a tocopherol
derivative. J. Nat. Prod. 61:1497-1501.

Cho, Y.J,, B.J. An and C. Choi. 1993. Inhibition effect of
against angiotensin converting enzyme of flavan-3-ols
isolated Korean green tea. Korean J. Food Sci. Technol.
25:238-242 (in Korean).

Choi, S.I., J.H. Lee and S.R. Lee. 1994. Effect of green tea
beverage for the removal of cadmium and lead by animal
experiment. Korean J. Food Sci. Technol. 26:745-749 (in
Korean).

Fukai, K., T. Ishigami and Y. Hara. 1991. Antibacterial activity
of tea polyphenols against phytopathogenic bacterial. Agric.
Biol. Chem. 55:1985-1897.

Graham, H.N. 1992. Green tea composition, consumption, and
polyphenol chemistry. Preventive Medicine 21(3):334-350.

Gray, J.I. and L.R. Jr. Dugan. 1975. Inhibition of N-nitrosamine
formation in model food systems. J. Food Sci. 40:981-984.

Hara, Y., S. Maysuzaki and K. Nakamura. 1989. Antitumor
activity of tea catechins. Nippon Eiyo Shokuryo Gakkaishi
42:39-45.

Hunter, O.J., J.E. Manson, M.J. Stampger, G.A. Colditz, B.
Rosner, C.H. Hennekens, F.E. Speizer and W.C. Willett.
1992. A prospective study of caffeine, coffee, tea, and breast
cancer. Am. J. Epidemiol. 136:1000-1001.

Iida, T., M. Nakano and K. Ito. 1982. Hydroperoxysesquiterpene
and lignan constituents of Magnolia kobus. Phytochemistry
21:673-675.

Ikegaya, K., H. Takayanagi and T. Anan. 1990. Quantitative
analysis of tea constituents. Bull. Natl. Res. Tea 71:43-74.

Ina, H., K. Yamada and K. Matsumoto. 2004. Effects of benzyl
glucoside and chlorogenic acid from Prunus mume an
adrenocorticotropic hormone (ACTH) and catecholamine
levels in plasma of experimental menopausal model rats.
Biological and Pharmaceutical Bulletin 27:136-137.

Kim, H.J., B.S. Jun, S.K. Kim, J.Y. Cha and Y.S. Cho. 2000.
Polyphenolic compound content and antioxidative activities

by extracts from seed, sprout and flower of safflower

A3 32| Elulan HERIT Tl ket 4 vjAls 9%

(Carthamus tinctorius L.). Korean Soc. Food Sci. Nutr.
29(6):1127-1132 (in Korean).

Kim, J.B., M.H. Cho, T.R. Hahn and Y.S. Paik. 1996. Efficient
purification and chemical structure identification of carthamin
from Carthamus tinctorius. Agric. Chem. Biotechnol. 39:501-
505.

Kim, J.H., J.K. Kim, W.W. Kang, Y.S. Ha, S.W. Choi and K.D.
Moon. 2003. Chemical compositions and DPPH radical
scavenging activity in different sections of safflower. J.
Korean Soc. Food Sci. Nutr. 32(5):733-738 (in Korean).

Kim, J.K., W.S. Cha, J.K. Park, S.Y. Oh, Y.J. Cho, S.S. Chun
and C. Choi. 1997. Inhibition effect against tyrosinase of
condensed tannins from Korean green tea. Korean J. Food
Sci. Technol. 29:173-174 (in Korean).

Kim, M.N. and K.H. Kim. 1992. Research for analgesic and
hepatoprotective action of Carthami Flos. Pusan Bull. Pharm.
Sci. 26:32-36.

Kim, S.K., J.Y. Cha, S.J. Jeong, C.H. Chung, Y.L. Choi and
Y.S. Cho. 2000. Properties of the chemical composition of
safflower (Carthamus tinctorius L.) sprout. Korean J. Life
Science 10:68-73 (in Korean).

Kim, Y.D., M.H. Jeong, L.R. Koo, [.LK. Cho, S.H. Kwak, B.E.
Kim and K.M. Kim. 2006a. Chemical composition of Prunus
mume flower varieties and drying method. Korean J. Food
Preserv. 13(2):186-191(in Korean).

Kim, Y.D., M.H. Jeong, I.R. Koo, I.K. Cho, S.H. Kwak, R. Na
and K.J. Kim. 2006b. Analysis of volatile compounds of
Prunus mume flower and optimum extraction conditions of
Prunus mume flower tea. Korean J. Food Preserv. 13(2):180-
185 (in Korean).

Kim, Y.G. 1997. Studies on the antioxidant activities of the
extractives from magnolia (Magnolia kobus D.C. var. borealis
Sarg.). J. Inst. Agric. Res. Utili. 31:81-89.

Kim, Y.G. 1999. Studies on the antimicrobial activities of the
extractives from magnolia (Magnolia kobus D.C. var. borealis
Sarg.). Mokchae Konghak. 27:105-114 (in Korean).

Kim, Y.K., Y.N. Ko, Y.M. Kim and H.O. Yang. 2001. Evaluation
of cell cytotoxicity on the extractives of magnoliaceae. J.
Kor. For. En. 20:1-8 (in Korean).

Krygier, K., F. Sosulski and H. Lawrence. 1982. Free, esterified
and insoluble-bound phenolic acids. 1. Extraction and
purification procedure. J. Agric. Food Chem. 30:330-334.

Kwon, B.M., H.J. Jung, J.H. Lim, Y.S. Kim, M.K. Kim, Y.K.
Kim, S.H. Bok, K.H. Bae and L.R. Lee. 1999. Acyl-CoA:
cholesterol acyltransferase inhibitory activity of lignans

-117 -



TEHEE Korean J. Plant Res, 27(2) : 111~118(2014)

isolated from Schizandra, Machilus and Magnolia species.
Planta Med. 65:74-76.

Lee. T.B. 1989. Tllustrated flora of Korea. Hyangmunsa
Publishing Co., Seoul, Korea. (in Korean).

Li, J., M. Tanaka, K. Kurasawa, T. Ikeda and T. Nohara. 2007.
Studies of the chemical constituents of the flower buds of
Magnolia kobus and M. salicifolia. J. Nat. Med. 61:222-223.

Lister, C.E., J.E. Lancaster, K.H. Sutton and J.R.L. Walker.
1994. Developmental changes in the concentration and
composition of flavonoids in skin of a red and a green apple
cultivar. J. Science Food and Agric. 64:155-161.

Matsuda, H., T. Morikawa, T. Ishiwada, H. Managi, M.
Kagawa and Y. Higashi. 2003. Medicinal flowers. VIIIL.
Radical scavenging constituents from the flowers of Prunus
mume: structure of prunose III. Chemical and Pharmaceutical
Bulletin 51:440-443.

Matsuzaki, T. and Y. Hara. 1985. Antioxidant activity of tea
leaf catechins. Nippon Nogeikagaku Kaishi 59:129-134.

Matsuzaki, T.L. and Y. Hara. 1985. Antioxidative activity of
the leaf catechins. J. Agric. Chem. Soc. Japan 59:129-134.

Namba, T. 1986. Coloured illustrations of wakan-yaku. Ist ed.,
Hoikusha Publishing Co., Ltd., Osaka, Japan.

Namba, T., M. Tsunezuka and M. Hattori. 1982. Dental caries
prevention by traditional Chinese medicine. Planta Med.
44:100-106.

Nho, J.W., I.G. Hwang, E.M. Joung, H.Y. Kim, S.J. Chang and
H.S. Jeong. 2009. Biological activities of Magnolia
denudate Desr. flower extracts. J. Korean Soc. Food Sci.
Nutr. 38(11):1478-1484.

Noshita, T., H. Kiyota, Y. Kidachi, K. Ryoyama, S. Funayama,
K. Hanada and T. Murayama. 2009. New cytotoxic phenolic
derivatives from matured fruits of Magnolia denudata.
Biosci. Biotechnol. Biochem. 73:726-728.

Otoguro, C., S. Odake, K. Kaneko and Y. Amano. 1995. Amino

acid composition of protein bound to wall polysaccharide of

fresh and salted mume fruit. J. of Japanese Soc. for Cold
Preservation of Food 21:21-29.

Pettit, G.R., Y. Meng, R.P. Gearing, D.L. Herald, R.K. Pettit,
D.L. Doubek, J.C. Chapuis and L.P. Tackett. 2004.
Antineoplastic agents. 522. Hernandia peltata (Malaysia)
and Hernandia nymphaeifolia (Republic of Maldives). J.
Nat. Prod. 67:214-220.

Ryu, B.H. and C.O. Park. 1990. Antioxidant effect of green tea
extracts on enzyme activities of hairless mice skin induced in
ultraviolet B light. Korean J. Food Sci. Technol. 22:355-361
(in Korean).

SAS (Statistical Analysis Systems) Institute. 2000. SAS/STAT
user’s guide. Version 7. Electronic Version. Cary, NC (USA).

Seeram, N.P., S.M. Henning, Y. Niu, R. Lee, H.S. Scheuller
and D. Heber. 2006. Catechin and caffeine content of green
tea dietary supplements and correlation with antioxidant
capacity. J. Agric. Food Chem. 54:1599-1603.

Singleton, V.L. and J.A. Rossi. 1965. A colorimetry of total
phenolics with phosphomolybdic-phosphotungstic acid
reagents. Am. J. Enol. Viticult. 16:144-158.

Yeo, S.G., C.W. Ahn, Y.W. Lee, T.G. Lee, Y.H. Park and S.B.
Kim. 1995. Antioxidative effect of tea extracts from green
tea, Oolong tea, and black tea. J. Korean Food Nutr. Soc.
24:299-304 (in Korean).

Yoshikawa, M., T. Murakami, T. Ishiwada, T. Morikawa, M.
Kagawa and Y. Higashi. 2002. New flavonol oligoglycosides
and polyacylated sucroses with inhibitory effects on aldose
reductase and platelet aggregation from the flowers of
Prunus mume. Journal of Natural Products 65:1151-1155.

Zheng, W. and M.N. Clifford. 2008. Profiling the chlorogenic
acids of sweet potato (lpomoea batatas) from China. Food
Chemistry 106:147-152.

Zhou, K. and L. Yu. 2006. Total phenolic contents and
antioxidant properties of commonly consumed vegetables
grown in Colorado. LWT 39:1155-1162.

(Received 8 October 2013 ; Revised 16 December 2013 ; Accepted 28 January 2014)

- 118 -



